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SYSTEMS FOR PREDICTING EARTHQUAKES 
AND METHODS OF EMPLOYING SUCH SYSTEMS 

[0001] This application is a continuation-in-part of U.S. Patent Application No. 

10/1 19,196, filed April 10, 2002, which is incorporated herein by reference. 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates generally to systems for predicting earthquakes and methods 

of employing such earthquake prediction systems. In particular, the invention is directed 
towards earthquake prediction systems which detect wave movements resulting from dilation of 
10 the crust of the Earth, and methods of employing such earthquake prediction systems. 

2. Description of Related Art 

[0003] Earthquakes may cause significant property damage, personal injury, and in some 

instances, even death. Generally, geologists and seismologists have been unable to predict the 
approximate location or the approximate magnitude of such earthquakes with sufficient 

15 accuracy. Geologists and seismologists also have been unable to predict the approximate time at 
which such earthquakes may occur with sufficient accuracy. As such, earthquakes generally are 
unexpected events. Although tremors may last for a few minutes, the majority of property 
damage and personal injury may occur within the first ten to twenty seconds following arrival of 
the first tremor of the earthquake. Consequently, various earthquake detection systems have 

20 been developed, such that people may recognize when an earthquake is occurring and may move 
to a safer location when appropriate. Nevertheless, although such earthquake detection systems 
may detect earthquakes, such systems are not designed to predict earthquakes. 
[0004] Some known earthquake prediction systems may detect gravitational field 

turbulence or low frequency radio signals in communication with fiiture earthquakes. However, 

25 these earthquake prediction systems only may detect such gravitational field turbulence or low 
frequency radio signals about twenty seconds prior to an arrival of the first tremor of the 
earthquake. 

SUMMARY OF THE INVENTION 

[0005] Therefore, a need has arisen for earthquake prediction systems and methods of 

30 employing such earthquake prediction systems that overcome these and other shortcomings of 
the related art. A technical advantage of the present invention is that wave movements resulting 
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from dilation of the crust of the Earth, which occurs prior to an earthquake, may be detected. 
When wave movements resulting from dilation of the crust of the Earth are detected, the system 
may determine the velocity of the waves, the amplitude of the waves, and the direction of wave 
movements. Based on the number of wave movements, Le., the frequency of wave movements, 
5 detected over a predetermined period of time, the system may be used to determine the 
likelihood of a fixture earthquake. For example, the system may used to determine that an 
earthquake is likely to occur between about eight hours and about twenty- four hours prior to an 
arrival of a first tremor of the earthquake. Moreover, based on the velocity and the amplitude of 
the waves, the system may be used to determine the approximate magnitude of the fiiture 
10 earthquake. Similarly, based on the direction of wave movements, the system also may be used 
to determine the approximate location of the fiiture earthquake. 

[0006] According to an embodiment of the present invention, a method of predicting 

earthquakes is described. The method comprises the step of positioning a first transducer array 
adjacent to a seismically active region and at least about 3 meters below the surface of the crust 

15 of the Earth. The first transducer array comprises a first plurality of seismometers, at least one 
first clock, and at least one first digitizer. The at least one first clock is in communication with at 
least one of the first plurality of seismometers, and the at least one first digitizer also is in 
communication with at least one of the first plurality of seismometers. The method also 
comprises the steps of detecting a plurality of wave movements resulting from dilation of the 

20 crust of the Earth prior to an earthquake, and converting at least one of the wave movements into 
a first voltage. The method further comprises the step of discriminating between wave 
movements resulting from dilation of the crust of the Earth and movements resulting from at 
least one other event. The step of discriminating comprises the step of filtering out wave 
movements having a frequency below a first predetermined frequency, e^g., about 180 Hertz. 

25 The method also comprises the steps of determining a time at which the wave movements are 
detected by at least one of the first plvurality of seismometers, converting the first voltage into 
digital data, and transmitting the digital data and the time from the at least one first digitizer to a 
communications interface module. Moreover, the method comprises the steps of transmitting the 
digital data and the time from the communications interface module to a data processor, and 

30 determining a likelihood of at least one future earthquake based on a number of the wave 
movements detected over a predetermined period of time. 
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[0007] According to another embodiment of the present invention, a system for 

predicting earthquakes is described. The system comprises a first transducer array. The first 
transducer array comprises a first plurality of seismometers adapted to detect a plurality of wave 
movements resulting from dilation of the crust of the Earth prior to an earthquake and to convert 
5 at least one of the wave movements into a first voltage. The system also comprises at least one 
first clock. The at least one fu-st clock is in communication with at least one of the first pluraUty 
of seismometers and is adapted to determine a time at which at least one of the first plurality of 
seismometers detects the wave movements. The system fiirther comprises at least one first 
digitizer. The at least one first digitizer is in communication with at least one of the first 

10 plurality of seismometers and is adapted to convert the first voltage into digital data. The at least 
one first digitizer comprises a first data transmitter. The system also comprises a 
communications interface module and a data processor, and the first data transmitter transmits 
the digital data and the time to the communications interface module, and the communications 
module transmits the digital data and the time to the data processor. Moreover, the data 

15 processor is adapted to determine at least one characteristic of at least one of the waves, and the 
first transducer array is positioned adjacent to a seismically active region and at least about 3 
meters below the surface of the crust of the Earth. 

[0008] According to still another embodiment of the present invention, a method of 

predicting earthquakes is described. The method comprises the step of positioning a first 

20 transducer array adjacent to a seismically active region and below the water table, Le., within the 
zone of saturation below the surface of the crust of the Earth. The water table is the planar 
surface between the zone of saturation and the zone of aeration. McGraw-Hill Dictionary of 
Scientific and Technical Terms , 2049 (4th ed. 1989). The zone of saturation is a subsurface zone 
in which water fills the interstices and is under greater than atmospheric pressure. Id. at 2086. 

25 The first transducer array comprises a first plurality of seismometers, at least one first clock, and 
at least one first digitizer. The at least one first clock is in communication with at least one of 
the first plurality of seismometers, and the at least one first digitizer also is in commxmication 
with at least one of the first plurality of seismometers. The method also comprises the steps of 
detecting a plurality of wave movements resulting fi-om dilation of the crust of the Earth prior to 

30 an earthquake, and converting at least one of the wave movements into a first voltage. The 
method fiirther comprises the step of discriminating between wave movements resulting from 
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dilation of the crust of the Earth and movements resulting from at least one other event. The step 
of discriminating comprises the step of filtering out wave movements having a frequency below 
a first predetermined frequency, e^, about 180 Hertz. The method also comprises the steps of 
determining a time at which the wave movements are detected by at least one of the first 
5 plurality of seismometers, converting the first voltage into digital data, and transmitting the 
digital data and the time from the at least one first digitizer to a communications interface 
module. Moreover, the method comprises the steps of transmitting the digital data and the time 
from the communications interface module to a data processor, and determining a likelihood of 
at least one fiiture earthquake based on a number of the wave movements detected over a 

1 0 predetermined period of time. 

[0009] According to yet another embodiment of the present invention, a system for 

predicting earthquakes is described. The system comprises a first transducer array. The first 
transducer array comprises a first plurality of seismometers adapted to detect a plurality of wave 
movements resulting from dilation of the crust of the Earth prior to an earthquake and to convert 

15 at least one of the wave movements into a first voltage. The system also comprises at least one 
first clock. The at least one first clock is in communication with at least one of the first plurahty 
of seismometers and is adapted to determine a time at which at least one of the first plurality of 
seismometers detects the wave movements. The system fiirther comprises at least one first 
digitizer. The at least one first digitizer is in communication with at least one of the first 

20 plurality of seismometers and is adapted to convert the first voltage into digital data. The at least 
one first digitizer comprises a first data transmitter. The system also comprises a 
communications interface module and a data processor, and the first data transmitter transmits 
the digital data and the time to the communications interface module, and the communications 
module transmits the digital data and the time to the data processor. Moreover, the data 

25 processor is adapted to determine at least one characteristic of at least one of the waves, and the 
first transducer array is positioned adjacent to a seismically active region and below the water 
table. 

[0010] Other objects, features, and advantages of the present invention will be apparent 

to persons of ordinary skill in the art in view of the following detailed description of the 
30 invention and the accompanying drawings. 
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BRffiF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the present invention, the needs satisfied 

thereby, and the objects, features, and advantages thereof, reference now is made to the 
following descriptions taken in connection with the accompanying drawings. 
5 [0012] Fig. 1 is a schematic of a system for predicting earthquakes according to an 

embodiment of the present invention. 

[0013] Fig. 2 is a flow-chart of a method for predicting earthquakes according to another 

embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

10 [0014] Preferred embodiments of the present invention and their advantages may be 

understood by referring to Figs. 1 and 2, like numerals being used for like corresponding parts in 
the various drawings. 

[0015] Referring to Fig. 1, a system 100 for predicting earthquakes may comprise at least 

one transducer array 102, e^g., between one and about twenty transducer arrays 102. For 

15 example, system 100 may comprise a first transducer array 102a, a second transducer array 102b, 
a third transducer array 102c, a fourth transducer array 102d, and combinations thereof Each 
transducer array 102 may comprise a plurality of seismometers 104, e^, between 2 and about 10 
seismometers 104, positioned at various locations within transducer array 102. For example, 
first transducer array 102a may comprise a first plurality of seismometers 104a, and second 

20 transducer array 102b may comprise a second plurality of seismometers 104b. Similarly, third 
transducer array 102c may comprise a third plurality of seismometers 104c, and fourth 
transducer array 102d may comprise a fourth plurality of seismometers 104d, Seismometers 104 
may be adapted to detect wave movements resulting from dilation, i^, expansion, of the crust of 
the Earth, which occurs prior to an earthquake, and to convert the wave movements into a 

25 voltage. The crust of the Earth may include those portions of the Earth's interior comprising at 
least calcium and sodium aluminum-siUcate materials, e^g., those portions of the Earth's interior 
which are up to about 40 kilometers below the surface of the Earth. 

[0016] Seismometers 104 may be multi-axis seismometers, e^, three-axis seismometers 

adapted to detect wave movements in a x-direction, a y-direction, and a z-direction, or single- 
30 axis seismometers. Seismometers 104 also may be adapted to discriminate between wave 
movements resulting from dilation of the crust of the Earth, and wave movements resulting from 
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other events. For example, wave movements resulting from dilation of the crust of the Earth 
may have frequencies between about 180 and about 360 Hertz, and seismometers 104 may 
comprise a filter (not shown) adapted to filter out wave movements having frequencies less than 
a first predetermined frequency, e^, less than about 180 Hertz, or greater than a second 
5 predetermined frequency, e^, greater than about 360 Hertz, or both. In this embodiment, the 
filter of each seismometer 104 may not filter out wave movements resulting from dilation of the 
crust of the Earth, but may filter our wave movements having frequencies below the first 
predetermined frequency or above the second predetermined frequency, or both. Consequently, 
the filter of each seismometer 104 may filter out wave movements resulting from a detonation of 
10 an explosive device, e.g. , a detonation of a nuclear device, which may cause wave movements 
having frequencies between about 20 Hertz and about 60 Hertz. 

[0017] Each transducer array 102 also may comprise at least one, e.g. , a plurahty of, 

global positioning receivers 106, such as at least one global positioning satellite receiver, and 
each global positioning receiver 106 may be in communication with at least one of seismometers 

15 104. For example, first transducer array 102a may comprise at least one, e^g., a plurality of, first 
global positioning receivers 106a, each of which are in communication with at least one of the 
first pluraUty of seismometers 104a, and second transducer array 102b may comprise at least 
one, e.g., a plurality of, second global positioning receivers 106b, each of which are in 
communication with at least one of the second plurality of seismometers 104b. Similarly, third 

20 transducer array 102c may comprise at least one, e^, a plurality of, third global positioning 
receivers 106c, each of which are in communication with at least one of the third plurality of 
seismometers 104c, and fourth transducer array 102d may comprise at least one, e^g., a plurality 
of, fourth global positioning receivers 106d, each of which are in communication with at least 
one of the fourth plurality of seismometers 104d. Each global positioning receiver 106 may 

25 comprise a clock (not shown) adapted to determine a time, e^g., 9:00 a.m. EST, at which 
seismometer 104 in communication with global positioning receiver 106 detects wave 
movements resulting from dilation of the crust of the Earth. For example, when at least one of 
the first plurality of seismometers 104a detects wave movements resulting from dilation of the 
crust of the Earth, the clock of the at least one global positioning receiver 106a may determine 

30 the time at which such detection occurred. Similarly, when at least one of the second plurality of 
seismometers 104b detects wave movements resulting from dilation of the crust of the Earth, the 
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clock of the at least one second global positioning receiver 106b may determine the time at 
which such detection occurred. 

[0018] Each global positioning receiver 106 also may be adapted to determine a location 

of their associated seismometer 104. For example, when each transducer array 102 comprises a 
5 plurality of global positioning receivers 106, each first global positioning receiver 106a may be 
adapted to determine when their associated seismometer 104a detects wave movements resulting 
from dilation of the crust of the Earth. As such, when data is transmitted from first transducer 
array 102a, system 100 will be able to determine that such data originated from a particular 
seismometer 104a of first transducer array 102a. Similarly, each second global positioning 

10 receiver 106b may be adapted to determine when their associated seismometer 104b detects 
wave movements resulting from dilation of the crust of the Earth. As such, when data is 
transmitted from second transducer array 102b, system 100 will be able to determine that such 
data originated from a particular seismometer 104b of second transducer array 102b. 
[0019] Each transducer array 102 also may comprise at least one, e^, a plurality of, 

15 digitizers 108, and each digitizer 108 may be in conununication with at least one of 
seismometers 104. For example, first transducer array 102a may comprise at least one, e^, a 
plurality of, first digitizers 108a, each of which are in communication with at least one of the 
first plurality of seismometers 104a, and second transducer array 102b may comprise at least 
one, e^g., a plurality of, second digitizers 108b, each of which are in communication with at least 

20 one of the second plurality of seismometers 104b. Similarly, third transducer array 102c may 
comprise at least one, e.g.. a plurality of, third digitizers 108c, each of which are in 
communication with at least one of the third plurality of seismometers 104c, and fourth 
transducer array 102d may comprise at least one, e.g. , a plurality of, fourth digitizers 108d, each 
of which are in communication with at least one of the fourth plurality of seismometers 104d. 

25 Each digitizer 108 may be adapted to convert voltage into digital data, and also may comprise a 
data transmitter 110, e.g. , data transmitters llOa-llOd. System 100 also may comprise a 
communications interface module 112 and a data processor 114. 

[0020] In operation, at least one of digitizers 108 may convert voltage into digital data. 

Moreover, data transmitter 110 of digitizer 108 may transmit the digital data, the time at which 
30 seismometer 104 detected the wave movement, the location of seismometer 104, and 
combinations thereof to communications interface module 112. Data transmitter 110 may 
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transmit the digital data, the time, the location, and combinations thereof by any known 
transmission method, e^, via a wireless system, such as a radio modem, a hardwired system, or 
the like. For example, when a radio modem is employed, each data transmitter 110 may transmit 
data at a different radio frequency than each of the other data transmitters 1 10, or may transmit 
5 data at the same radio frequency as at least one other data transmitter 110. When data transmitter 
110 transmits data at the same radio frequency as at least one other data transmitter 110, 
communications interface module 112 may be adapted to prevent those data transmitters 110 
transmitting data at the same radio frequency from simultaneously transmitting data to 
communications interface module 112. 

10 [0021] Communications interface module 112 further may transmit the digital data, the 

time, the location, and combinations thereof to data processor 114, Communications interface 
module 112 may transmit the digital data, the time, the location, and combinations thereof by any 
known transmission method, e^, via a wireless system, a hardwired system, or the like. For 
example, communications interface module 112 may convert the data which it received from 

15 each digitizer 108 into a single stream of data, and may transmit the single stream of data to data 
processor 1 14. Further, data processor 1 14 may be adapted to determine a velocity of the waves 
resulting from dilation of the crust of the Earth. Data processor 114 also may be adapted to 
determine an amplitude of the waves resulting from dilation of the crust of the Earth. Moreover, 
data processor 1 14 may be adapted to determine a direction of movement of the waves resulting 

20 from dilation of the crust of the Earth. For example, data processor 114 may comprise software 
adapted to determine the velocity of the waves, the amplitude of the waves, and the direction of 
wave movement. 

[0022] In operation, each of the first plurality of seismometers 104a of first transducer 

array 102a may be positioned adjacent to a seismically active region, and also may be positioned 

25 a predetermined distance below the surface of the crust of the Earth. For example, each of the 
first plurality of seismometers 104a may be positioned between about 3 meters and about 100 
meters below the crust of the Earth or below the water table, i^, within the zone of saturation; or 
both. Nevertheless, it will be understood by those of ordinary skill in the art that the 
predetermined distance below the surface of the crust of the Earth may be any distance sufficient 

30 to prevent seismometers 104 from detecting disturbances occurring on or above the surface of 
the crust of the Earth, e^, rain, animal movement, or the like, and to allow seismometers 104 to 
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detect wave movements resulting from dilation of the crust of the Earth. Moreover, each of the 
first plurality of seismometers 104a may be separated from each other by a predetermined 
separation distance, e^, between about 15 meters and about 1500 meters. Similarly, each of the 
second plurality of seismometers 104b of second transducer array 102b may be positioned 
5 adjacent to the seismically active region, and also may be positioned the predetermined distance 
below the surface of the crust of the Earth. Second transducer array 102b may be positioned 
between about 30 kilometers and about 70 kilometers from first transducer array 102a. In 
another embodiment, each of the third plurality of seismometers 104c of third transducer array 
102c may be positioned adjacent to the seismically active region, and also may be positioned the 
10 predetermined distance below the surface of the crust of the Earth. Third transducer array 102c 
may be positioned between about 30 kilometers and about 70 kilometers from second transducer 
array 102b. 

[0023] In one embodiment, when at least one of seismometers 104 detect wave 

movements resulting from dilation of the crust of the Earth, each seismometer 104 detecting the 

15 wave movements may convert the wave movements into a voltage. Further, each digitizer 108 in 
communication with at least one of seismometers 104 detecting the wave movements may 
convert the voltage into digital data, and each clock in communication with at least one of 
seismometers 104 detecting the wave movements may determine the time or the times at which 
the wave movements were detected by seismometer 104. Moreover, each global positioning 

20 receiver 106 may determine whether their associated seismometer 104 detected wave 
movements. Subsequently, each transmitter 110 of each digitizer 108 in communication with at 
least one of seismometers 104 detecting the wave movements may transmit the digital data, the 
time at which the associated seismometer 104 detected the wave movements, and the location of 
the associated seismometer 104 to communications interface module 112. Communications 

25 interface module 112 may convert the data which it received from digitizers 108 into a single 
stream of data, and also may transmit the single stream of data to data processor 114. Data 
processor 114 may determine the velocity of the waves detected by each plurality of 
seismometers 104, the amplitude of the waves detected by each plurality of seismometers 104, 
and the direction of wave movement. 

30 [0024] Based on the number of wave movements, i^, the frequency of wave 

movements, detected over a predetermined period of time, the likelihood of at least one fiiture 
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earthquake may be determined. Specifically, as the fi-equency of the wave movements over the 
predetermined period of time increases, the likelihood of at least one future earthquake also may 
increase. For example, when the frequency of the wave movements over the predetermined 
period of time is greater than a predetermined frequency of wave movements over the 
5 predetermined period of time, it may be more likely than not, i^, greater than 50%, that an 
earthquake will occur between about 8 hoxurs and about 24 hours from when the frequency of the 
wave movements over the predetermined period of time surpassed the predetermined frequency 
of wave movements over the predetermined period of time. Further, based on the direction of 
wave movements, the approximate location of the future earthquake may be determined, and 
10 based on the amplitude and the velocity of the waves, the approximate magnitude of the future 
earthquake may be determined. 

[0025] Referring to Fig. 2, a method 200 of predicting earthquakes is described. In step 

202, at least one transducer array 102 may be positioned adjacent to a seismically active region 
and between about 3 meters and about 100 meters below the crust of the Earth or below the 

15 water table, i^, within the zone of saturation; or both. When a plurality of transducer arrays 102 
are employed, each transducer array 102 may be between about 30 kilometers and about 70 
kilometers from another transducer array 102. In step 204, a plurality of wave movements 
resulting from dilation of the crust of the Earth are detected, and the wave movements are 
converted to voltages. In step 206, wave movements resulting from dilation of the crust of the 

20 Earth may be discriminated from wave movements resulting from at least one other event by 
filtering out those wave movements having frequencies which are less than a first predetermined 
frequency, e^, less than about 180 Hertz, or greater than a second predetermined frequency, 
e.g. , greater than about 360 Hertz, or both. In step 208, a time at which the wave movements are 
detected by at least one seismometer 104 may be determined. In one embodiment, in step 208, 

25 the location of seismometer 104 which detected wave movements resulting from dilation of the 
crust of the Earth also may be determined. In step 210, the voltage may be converted into digital 
data, and in step 212, the digital data, the time, the location, and combinations thereof may be 
transmitted from a transmitter 1 10 of a digitizer 108 to a communications interface module 1 12. 
[0026] In step 214, the digital data, the time, the location, and combinations thereof may 

30 be transmitted from communications interface module 1 12 to a data processor 114. In step 216, 
a velocity and an amplitude of the waves may be determined, and in step 218, a direction of 
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movement of the waves may be detemiined. In step 220, a likelihood of at least one future 
earthquake may be determined based on the number of wave movements detected over a 
predetermined period of time. In one embodiment, the method also may comprise steps 222 and 
224. In this embodiment, in step 222, an approximate location of the at least one earthquake may 
5 be determined based on the direction of movement of the waves. Moreover, in step 224, an 
approximate magnitude of the at least one earthquake may be determined based on the amphtude 
and velocity of the waves. In another embodiment, subsequent to determining the likelihood of 
at least one earthquake, the location of the at least one earthquake, the magnitude of the at least 
one earthquake, and combinations thereof, an appropriate entity or person, e^, an appropriate 
10 government agency or government official, may be contacted in order to advise that entity or 
person of the at least one earthquake. 

[0027] While the invention has been described in connection with preferred 

embodiments, it will be understood by those skilled in the art that other variations and 
modifications of the preferred embodiments described above may be made without departing 
15 from the scope of the invention. Other embodiments will be apparent to those skilled in the art 
from a consideration of the specification or practice of the invention disclosed herein. It is 
intended that the specification and the described examples are considered as exemplary of the 
invention indicated by the flowing claims. 
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